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Watanabe, K., Komori, A., LHD Experimental Group 
The existence of a set of nested magnetic surfaces is a 
prerequisite for all toroidal magnetic confinement devices. The 
designed LHD coil system would generate fairly good 
magnetic surfaces in a wide region bounded by a stochastic 
field region. To this ideal magnetic field configuration, there 
may be added small error fields that would generate new 
islands or enlarge/reduce the inherently existing small islands 
at the rational magnetic surfaces. Possible sources of the error 
fields are a small misalignment of the coils and the presence of 
ferromagnetic material near LHD. In addition to these external 
sources, the pressure driven currents may generate an 'error' 
field that resonates with the normalized rotational transform (t) 
to form islands. In particular, the current on a rational surface 
may be modified by the presence of islands which, in tum, 
modifies the island geometry. This nonlinear mutual 
interaction causes, in some cases, a small seed island to grow 
to a large fraction of the plasma size. Because of its crucial 
importance for confinement, the island evolution thus caused 
attracts much attention in the fusion community. 
In LHD, a vacuum island was observed by an electron 
beam mapping method to have a mode mln=1I1 and the 0-
point crossing size of 8 cm. On the poloidal cross section cut 
at the toroidal position (108 0 ) where the Thomson scattering 
measurement was carried out, the island looks like a horseshoe 
as shown in Fig.I. Provided that electron temperature is 
constant on each magnetic surface, a highly space-resolved 
electron temperature profile will reveal the presence of an 
island as a flat or a bump. Indeed, the electron temperature 
profile along a major radius on the mid-plane Te(R), measured 
by a Thomson scattering diagnostic, shows up flat/bump 
regions near t-l on both sides of the profile (Fig.2(a)). The 
repetitive Te profiles taken every 20 ms revealed that this 
island evolved in time: (1) in the early phase (0.4- 1.1 s), an 
island with the size and phase consistent with the vacuum 
island persisted; (2) in the middle phase (1.4-2.6s), the island 
almost disappeared (Fig.2(b)); (3) in the late phase (2.6- 2.7 s), 
the island reappeared (Fig.2(b)). The transitions between these 
phases are not clear with the present spatio-temporal resolution 
of the Thomson scattering diagnostic. 
The theory [1] predicts that if the pressure (P) and iota (t) 
profiles satisfy dp/d t 60 < 0, then the self-consistent bootstrap 
current in the presence of an island flows so as to diminish the 
island. Here the parameter 60 is determined by the magnetic 
spectrum, and positive around t=lfor LHD. For normal 
operations, dp/d t < 0 and then dp/d t 60 < 0, implying that an 
island would reduce its size if the plasma parameters reach the 
42 
condition that an appreciable bootstrap current flows. This 
seems to be consistent with the observation. 
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Fig.1. Cross sectional view of the error field island on the 
poloidal position where Thomson 
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Fig. 2. Te profiles in (a) an early phase, (b) an intermediate 
phase, and (c) late phase of an NBI plasma .. 
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